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© ELECTRODE FOR GENERATING PLASMA, ELEMENT FOR BURYING ELECTRODE, AND METHOD FOR 
MANUFACTURING THE ELECTRODE AND THE ELEMENT. 



© This apparatus comprises a substrate (31) made of fine ceramic, and an electrode (55) buried in the 

substrate (31) and electrically insulated in it, wherein a plasma is produced on the substrate. The apparatus 
^ includes a layer (37) permeable to electromagnetic waves, and preferably, the average thickness of the layer is 
If) 0.5 mm or more. The electrode (55) is a flat electrode formed by a bulk metal. The substrate which encloses the 
^ electrode is a product integrally formed by sintering without junctions. This structure can also be utilized for an 

electric dust collector, an electromagnetic shielding device, and an electrostatic chuck. These devices can be 
O preferably installed in an apparatus using a corrosive halogen gas for fabricating semiconductors or the like. A 
g compact, together with a flat bulk metal electrode, is sintered by a hot press with a pressure in the thickness 

direction of the electrode in such a manner that the electrode is buried integrally in a fine ceramic substrate 
O without junctions. A material permeable to electromagnetic waves is used for an apparatus for generating plasma 
Q. by applying a high-frequency power to a gas. At least the surface of this material, which is in contact with the 
LLI plasma atmosphere, is made of the aluminum nitride whose dielectric loss tans is 10" 2 or less, and thermal 

resistance shock ATc is 300 • or more. 
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Background of the Invention 

a 0^^" -P-'ean condition, sue, corrosive gases as 

cleaning gas. Therefore, if a convention" heater wherJn tha t 1 * T*" ^ " 6tChin9 ^ a 
covered with a metal such as stainless steef o Z^T ?** 3 reSiStanC6 heating e,ement is 
exposed to the corrosive ^^^Z^L^^ \ *° *"* ^ WhiCh a ' e 

diameters of some um are formed due ^ ZZ^ZZr^ 1°^ ^ 

J^~r:z^^^= 9 r low te ?~ as *— * b V 

chamber i via a quartz window 4 "he chamber ^ntelTh. ' 6m ^ ' ampS 5 "* inSta " ed outside a 
made of aluminum for example is nstalTwl t rJ I "TV* *° deposition -9 as - «*>■: a susceptor 2 
heated by the infrared lamps 5 w S wa ^ W otTn h^ 911 " ^ * 3nd *» SUSCeptor 2 ■» 
arrangement, the metal susceptor Tfs use ^ ^Tf^ 2 * h6ated ,n this 

within the chamber 1 with high-frequencv el^tH^ f t ^ P'asma generation, plasma is generated 
semiconductor film on the wa £ TZlea^n th^l T'- t0 2 S ° 38 t0 form a 

film of alumina with a thickness ofannZZL n !' a,um,num susceptor 2 has an insulating 
aluminum production J^^tSS^^^^ *™* a " a "° d ^ 

against directly receiving high-frequency 117^^11 SU ' at,n9 hUn mi9ht be P^ented from 
Place with this insu.a«in g 9 fi,m 9 JSSS a TSrt^S^ ^ 
to e,ther one electrode, unlike current discharging P aSma ' SmCe 00 char 9 es f,ow 

*ere^^ - susceptor 2 was made of a meta., and 

-as confronted with a probteJ^^TJE^S^^^ ^ a ' Uminum Suscepto ' 2 

was a proposal that susceptor 2 be made of EST «S ^V^ 0 ^™ ° f SUCh lamination, there 
face of the susceptor for plasma a^neLinn .i n 9 f ? ! Pate "" ke e ' eCtr0de 6 be attached *° the rear 
however, a further problem o^EHS^ SZl" f* * ^ Way ° f example - ^rettably 
supply intercepted infrared rays from infrlred tlnl l~ t ? ° de 6 '° r hi 9 h -"^ency electric energy 
declines, .n addition, wit sa d su sXT^«S2 nV 9 ° f the SUSCeptor 2 furthe " 

position of the wafer W, whereb TpZTa^ olZ 'aLTr ™ S ™ Ch deviated from the set 

sz -«r rrs a esse d=F~™ 

denseness and having .thickness TlZoT m S^m1 V ' an ° d ' 2ed a ' Uminum insulatin 9 fil ™ lacMng 
the CVD process unit, an etch ng I? ^ ' ^ * Especially with 

aluminum insulating film having the short service itL 9 f ha,09en " based c °™sive gas, the anodized 
particular* the metals such aV alminum e c L Zll^T rep ' aCement » was Covered that 
halogen-based corrosive gas, wherebTThe susceo^ofs i £3 C ° rr ° Si ° n by the p,asma of ^ 

such an extent that the n^c^S^SS^^^ thr ° U9h Seri0US de,0 - a «on to 

to release highly reactive p^e^Z^^ ^ the m °' ecules of the 9 as are first dissociated 
electrons which e.ectro.yL^ t0 9enerate a P'asma zone. Since the 

as compared with ions, resum^g in pacing sTa^er ellc^on V ^ ^ 

electrode. This region with the smaller electron dStv is rJ^H ? . ty * "^"frequency 
the plasma sheath, the ions within L^SZTscrl TT Z ^ Sheath " UtMi2in 9 the P ote n«al of 
collision against the wafer surface Ions o SrT~ ' ^ acce,erated io "s are brought into 

CVD and PVD. ° f d,ffer8nt Sp6Cles are selectively applied respectively for etching 
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of the susceptor. electrostatic chuck is now used for the purpose of the 

jzvrzzz st^ssl -r^u. — » •*» - - - - - -~ 

The following are known as an elect ~ stat, ^ ch " C . k t . ouflh scree n-printing a filmy electrode on a disk-like 
(1) An electrostatic chuck ^» eTmt 9 - shUt on the resultant to cover the screen- 

ceramic green sheet, placing another d.sk like ceramic ^g sheet 
printed filmy electrode, followed by ^^^.^S "uses non uniform pressurization, 
assembly. Pressing the ceramic green sheet mold ng ^u^. »„, »su«n8 

^r™^ « a,so reducin9 the yie,d of production 

in Fig. 3. That is, a disk-like '^^^X^W^ a through hole 11. Further, a circular 
of insulating ceramic are prepared The d, Mike ^PP° ed The cjrC(j|ar sneet IS he ld 

sheet of a conductive bonding agent and column* j e ™™ J p Jne columnar terminal 12 is 
between the disk-like support 10 and the ba ck s, de of ^^^^ treated and thereafter, the 
20 put into through hole 11 ' ^J^^^Z^Z^ ^ 9 I conductive bonding agent 
dielectric plate 8 and the disk-lite s support iu a w8fer . attract j n g surface 13 flat. 

, ay er 9. Then, the dielectric plate 8 is V^f^^^"*, cLctric layer is likely to become 
, t is however noted that in the process (iMto * ^ckness of description is ma de 

irregular due to certain restrictions .n the products. In ft« regard, a P after 
25 hereunder. In the method in which ^^S^S^ ^d fired, there inevitably occur the 
providing the print electrode on one of the green_ sheet s, p ess ™ components at the 

non-uniform thickness of the dielectnc layer and the po* ad^es.on „ ^ ^ _ 

respective stages of the Press-rnoding , and I th JJJJ^^ of tnis , it is diffiC u.t to make uniform the 
ment of the print electrode .nside ^^^^^Z^ 0 f the dielectric layer is planed after the 
30 thickness of the dielectric layer no matter h ™ J^^al as the asse mbly size goes up, it is 
m onoii«h,ca. sintering. In the from the standpoint of preventing 

difficult to secure the denseness of ^^^.^^ re , iabi ,i ty . Moreover, since the electrode is 

j^r^^snsnrjs ~ ^ ^ « - 

and mechan.ca.ly surface-polished. Part,cular y ^^aSSTE ^ ^ ^ p)ate 

* *o «h lC kne S s. Further, it is required to ^^^.JSJUed Lebetween. Therefore, it is 
though *oa„n g w.th the circu.ar sheet of silve solder the 'ike sand ^ ^ & ^ 
40 ncccssa-y to .mp.ement the gnndin of the JJkW^W ^ suppQrt 10 and sat a 

adjustment mcool. and very troublesome »!^ r Droce ssing steps, and thereby interfering wrth 

d ,c,cc„, pUo 8. thus resulting * pW» 8 using a conductive 
the mass production. Jo.nmg together the d.s k ^P port jnt face along the conductive bond.ng 

bond,ng agon, such as s.lver solder or the like leaves ben dielectric breakdown under high vacuum 
45 agon, .aye, 9 However this ^^SZJS^^^ ^-frequency wave generating electrodes, 
condition Further, with regard to-these el ^^" W ' ^ Namely , wit h semiconductor dev.ee 
etc., ,t nas been clarified that the following p ^^hich comprises the steps of supplying a 

product™ units, such a method is generally put ^ ?^J\ Q the ^ s for the plasma generation, 
gas ,nto the unit and applying high .freque cy J^JJ, are finding wide use with the 

^Where the ECB unit is employed. - 

microwave band is applied to the 9 a f • wh ^^ irregular intensity distribution. 

55 electric Held and also within the stat.c magnetic f ^ w ^ J Sp V ^ ^ |n ^ ECR 

Subsequent a force is applied to he plasma ,n ^certain d„ec ^ ^ an 

unit, a 2.45 GHz is generally employed as he ™ ,c ™ ave |asma is gener ated in the gas 

electromagnetic wave permeation window, .nto the ERC unit, so p 
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transmission of a mta^^cS^TSL? „ ° SS C °™ P °""' "" h a " a "*» •» 

Disclosure of the Invention 

^rp^T^^r "' V '"' i0n 10 ^ 3 """"" "*»«* **» "«> o» »»bly 

entire surface area of a susceptor ' ' etC may be effected stab| V °™ the 

• ,ne ,taa - 

permeation layer lying t^, ,£ °™.,ode t..^ , L "* SS *" » le *°™gnetic wave 

not l. ss man 0.1 m m at in. Zimurn " SU, "' Ce, owr "'^ is H"""** * 

supplier, Lrebelwl ca ^ mal r^'blT, " hl » Wre * MC !' ««* e°»« cap bp 

ceram.c mold.ng and an electrode comprising a planar metal bulk are hot press- 
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sinter wit, pressure being applied in a thickness f ecjon of the electrode, whereby the electrode is 
embedded in a joint face-free monolithic ^ J"*^^ wave permea tion body for use with the 
Further, the present invention relates to an e ectromagnet £ ™ P er lied t0 the 

plasma generating electrode device to generate ^ ^^^^^oooJ^rHI the «m«^ 
qas wherein at least that surface of sa.d electromagnetic wave P er ^ eat '°" °° ^ tan * = 10 - 2 at 25 -C 
'f plasma being generated, is comprised of aluminum J^J^^^^ng electrode 
and whose thermal shock resistance ATc .s not le than emb ^ ded in the dense 

device according to the present -nvent.on PtoJ JSS^ n0 fear 0 f contamination, and the 

examined the reason why a plasma sheath was not stably P^J^J^J^ surface of the elect rode is 
aluminum electrode. According to the common k»°*MQ*rt <£££*^^ , negative potential, 
covered with an insulating material, and surface °f sTabLed However, it was clarified 

whereby the plasma sheath region grows '^^^^^^ e.ectrode fai.ed to keep its 
that where the thin film was an anod.zed ? u ™ n ^ l*^"^ uniformity when heated to a high 
surface at a negative potential of a suffice ntly large ^^"u a not be produced, 

temperature, so that a uniform and sufficiently ^'aJ^^ "3 the insulating film would 

Meanwhile, it was thought in the past that l 1 ^^^^^ZJLiB. make insufficient the 
aC cording.y expand the distance between the </*™*9™ s«y optsma discharge, 
acceleration of ions within the plasma ^^^3 e and the minimum thickness of the 

But, when the electrode was embedded in a dense <^ c *™ 1 the |asma sheat h region 

electromagnetic wave permeation layer was .ncrewed to not less than M mm p neverthe , ess 
expanded and the plasma generated was "^^^J^^Sed stnce the dielectric factor of the 
the thickness of the electromagnetic wave P™?*^,^^^ - muc h ads that of vacuum, since 
electromagnetic wave permeation .ayer was no fall in the intensity of the 

^^^"ofSSZZ TZSXTnX. U 0, mm, whereby the P ,asma is 

assured of stability against ion to '" b f d "' e, J^ rpramic substrate such a ceramic producing step, as will 
35 in order to embed the electrode in the dense ce amic substrate, ™cn through the above ceramic 
be mentioned later, must be implemented The e ec rod^ the el ectr 0 magnetic 

producing step undergoes some unduUor un <*J^' he substrate change d depending on 
wave permeation layer between the electrode and the surface ^or of ^ 

where the e.ectrode was embedded flat. The m^tjn* ^^^^ ™» in the 

layer be set at not less than 0.1 mm r-onstruction of the plasma generating electrode 

45 The inventors proceeded the .nvest y d ^aSKSSdS article according to the present 
device. As a result, it was found that, w.th the «cro» emu electrode exhibits a small 

invention, as the embedded plane -'^rode compnse s a - ; the -Je & ^ 

resistance. In this regard, a ^PP' 6 ™"^^^ inevitably increases. 

srasrr article is 

remarkably improved. nresent invention can be produced by hot 

the process is suited for mass production. 
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window^lTECR^lart 9 ? ^ ^ °' damaQe t0 the e,ectro ™9™»ic wave permeation quartz 
P S 3 reSult ' the inventors ca ™ to reach the following conclusion Namelv 

since the plasma generating reaction is a vigorous reaction, it is very difficult to controfthe cha ZerisZ oi 
the plasma w,th vanous external parameters. Besides, since the ECR plasma has TeatK ' ZnTs T.l 
a component members exposed to the ECR plasma are liable to incur cLgZT^Z P^oZ v with The 
ll P ?? IT' P,asma -9 e " erati "9 Portion is controlled with the magnetic 2' Howe er since he 
magnet-c f.e.d ,s spat.ally non-uniform, the plasma intensity is greatly fluctuated .ocaHy ' * 

n I™- 00 " 0 *™ 9 as such as ^9on, nitrogen, oxygen, SiH, or the like was used 
di Jrtl^™ 1 T electroma 9^«c wave permeation window is exposed to the microwaves a 

S^tEj.ZT"^ ' n e,ectroma 9 netic -ve permeation window i cur^o dlrent 

^r^nn?^ 3 V ' * 8 Waf8rS ^ USe the P roduction <* DRAMs increase their diameters With this taken into 
cas the el'eXm™* 10 """^ ** ° f the e,ec — ^"etic wave permeation widows " h s 

S materia! 9 C ™° W,ndOW C ° U ' d be ^ used b * ^ploying aluminum nitride as 

30 Thermal shock resistance ATc is defined as follows- For the test a n<? te«t r^~> u .u 
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Examining a damaged electromagnetic wave permeation window of sapphire revealed that the ^„r^ „f 

r 9 ™:^ r ch had been exposed to the 

which i ^exposed tc h f , * *" electroma 9" etic wave Permeation window 

excellent £^££21" " alUmmUm n,tnde ^ e * ce,,ef1t th — distance and 
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nation with a heavy metal. ciihctri , tp Pn rlosina the electrode is a joint face- 

high-frequency electrode. allimi „ lim nitride boron nitride, SIARON, etc., silicon 

standpoint of corrosion resistance, aluminum nitride is most P^ferable 

However, aluminum nitride is particuiar.y hard to be 1^2^ tEu. in the past, 

with reiativeiy high density by the conventional ^ P"?"J ™ be included in 
to promote the sintering of aiuminum J^^^tSSSSl « T^SS^n *• 1ectro«l^mb«l«*KJ 
aluminum nitride powder. However, such sintering j f J" 1 P * contamination of 

article is put particularly within the semicon ^^^^J^^ to the present 
the semiconductor. In the process of produc.ng the electrooe ernue ^ produc ed by 

invention, since the substrate with remarkably high relative aensity OT im n,.ritips involved in the 

hot-press sintering the aluminum nttnde P^J^mTnum li e ce^c\l amative density of over 

^Ic^P^C^^ - «* - therma ' 

, Pf T S c~ the eiectrode-embedded art,, accord,, , to ^^^t^^ 
electrostatic chuck and where the electrostatic chuck* ^^^^^^ resistivities 
unit, the following problem occurs. Since ceramics on the substrate 

decline as the temperature rises, the current flowing "^^^ Srito? it is desired that the 
increases with rise in temperature, whereby the wae may be <J^^7J ab0 desired that the 

„ vo.ume resistivity of the substrate be not ess than 10 0cm. In Mhs regard ^ 

^uTemem, aiumina, bery.lia, magnesia, silicon n,ride, and boron nrtnde are p.efe red^ 

. eiect^cor^^^^ 

may be recited by way of example. ^rtrode is set thereon. Thereafter, ceramic 

„ between these two planar moldings. ^-aft^^^^^ already at this 

this method, the molding prepared via cold isostatic pressing ™s a Accordingly, 

ssyr r s£s ~: 2£S2 ™ rr , a r^ - — 

. nrSS'MT^ de^ M » «. densi* o, «. molding « •. «*. «— " 

pressing be not less than 60%. o lirface of a moldinq formed by the cold isostatic 

Jl, 1 L",„.. is ,d»«,ge. US f»» « «a ndpoM of. p.od* 
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unJnrm'M^ P ^ SS ^ her , eby the thickness of the di «'ectric layer lying on the electrode film becomes non- 
uniform. Meanwhile, the electrode comprising a planar metal bulk is embedded as in the present invention 
when the ele ctrode is prevented from being deformed when hot-pressed, since Ih. 

« Imb JZiT? ° f ^ die ' eCtriC ' ayer Can be P revented " Particu '^ «»»" the electrode: 

tV S el ! C,r ° StatiC ChUCk ' the ChuCkin9 P**™" depends on the thickness of thTs 
dielectric layer. Thus, the thickness of the dielectric layer is important. The planar metal bulk in the present 
invention refers to a monolithic p.anar configuration as shown in Figs. 9 and 13 by way of example wrthou 
a wire or strip being arranged in a spiral or zigzag form. example, without 

,„ h t the P rocess of producing the electrode-embedded article of the present invention, the electrode is 
st^d the ' h,CkneSS direction thereof, ^erefore, in order to prevent the electrode f^suffeLg 

s ram during the hot pressing, the electrode is preferable of a flat plate configuration. In case where he 

that such a T t in H C T th3t ^ temPeratUre riS6S 3t n0t ,6SS tha " «»' C at the 7s desired 

such a" ^ applict'on ° f 3 meta ' 3 h ' 9h m6,ting POint The e,eCtr0StatiC Chuck is « 

" SU °Ii , " etals i sh0win 9 hi 9" ^'«n9 Points, tantalum, tungsten, molybdenum, platinum rhenium 

hafnium, and alloys of these metals may be recited. From the standpoint of preventing the contamination or 
the semiconductors, tantalum, tungsten, molybdenum, platinum, and the alloys thereof are preferable 

When he electrode is of tungsten and the substrate of silicon nitride, the coefficient of thermal 
expansion largely differs between them. Therefore, owing to mismatch between them " the therma 
Z^dV m,e9ration thereof was * the conventional process in which the electrode fHmTs 

ZT. f ■ " H Creen t P r n9 ' f °" 0Wed bV Sint8ring Und6r normal P ressure - ^anwhile, in the producing 

cn^Z ? <°T 9 ° PreS6nt inV6nti0n - the 6leCtr0de and the substrate ca " be united even if 2 
coeff cent of thermal expansion largely differs between the electrode and the substrate. This is because the 
substrate molding is hot-pressed in the thickness direction of electrode 

* n. fl nL he o , ele t Ct H de inV0 ' VeS 3 P ' anar e ' eCtr0de made 0f a Plate with numerous smal1 holes in addition to a 
planar electrode comprising a thin plate. In case where the electrode is of a plate-like member with 

s2T:^ T C6ramiC P ° Wder f ' 0WS int ° th6Se numerous sma » ho ' es and reach th" Tel 
*de the adhes«on force of ceramic on both sides of the plate-like member increases to enhance the 
mechanical strength of the substrate. w ine 

so As such a plate-like member, a punched metal and a metal screen may be recited In case that the 
eiectrode is of a high melting point meta. as punched, it is difficult to punch a large number of si ho es 

TemaLbTy goefup 9 . P °' nt ^ * ™ hi9h hardn6SS - ThuS " the ^t 

n^T^T' "IT ?' eCtr ° de iS ° f 3 meta ' meSh ' " is easy to P rocure ™™ having a high melting 
eaS produ e c ° e J ** by braidin9 such wires 50 that the electrode can be 

th^T SUCh a " e ' ectrode emprises a thin plate, it is observed that the difference, in coefficient of 
thermal expansion between the electrode and substrate causes large stress to be applied at a peripheral 
part of the electrode, whereby the substrate sometimes suffers damage due to this stress But wZ Te 

TZ lS £ ! H P ' ate f IT ^ nUmer ° US Sma " h0,es ' these sma " ho'- dispose the 22, 

In the electrode-embedded article of the present invention, no-particular restriction is imposed on the 

ZJT™ ° f ^ J T SCrSen aPd ^ diam8ter ° f the Wire - However ' wire diameter oTSTmm and 
use Th \ T thr ° U9h the Wire diam6ter °- 5 mm and the mesh si2e 6 9 av e ^e to no problem in 

use^The s.dewise cross sections of the wire making up the metal screen may be of various rolled profiles 
45 such as circular, elliptical or rectangular. prorues 

With the plasma generating electrode device of the present invention, for the above reasons taken with 
he th.ckness fluctuation of the electromagnetic wave permeation layer, it is desired that the averaoe 
thickness thereof be not less than 0.5 mm. u**>"va max me average 

th* l^n e m r ith P ' aSma 9eneratin 9 electrode device of the present invention, the dielectric constant of 
Te^oZZS ^ Permeati ° n ' ayer iS 9enerally lar 9 e - However - excess average thickness of the 
electromagnetic wave permeafcon layer coincides with the increased quantity of self heat generation due to 

Isma .1 ^ H Ctr ! C ° f ^ elecfroma 9netic wave permeation layer. Consequence efficiency of 

o ThTeiotZ r 6CreaSe - Fr ° m thiS VieWP ° int ' * iS Particular,y desired the average thickness 
of the electromagnetic wave permeation layer be not more than 5.0 mm 

In case where the plasma generating electrode device of the present invention is used in a semiconduc- 
tor dev.ce products unit with use of the halogen-based corrosive gas so as to generate pTa sTa b v 
applying high-frequency electric power to the halogen-based corrosive gas, a reaction SS^toS^d on 
the surface of the electromagnetic wave permeation layer due to the bombardment with ions of the h^ogen- 
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based corrosive gas. As the thickness of this reaction product layer reaches a few um fj™™™ 
the minimum thickness of the eiectromagnetic wave permeation layer ^^^S^T,^ 
and also that the average thickness thereof is preferably not less than 0.5 mm so that sufficient insulating 

Pr ThirtL b l,T«etic wave permeation layer is formed, using aluminum nitride wHT , . relative 
HphsT oT not less than 99% in the plasma generating electrode device of the present invention, an AIF 3 
S^n^Tte^SnS as a reaction prole, layer. Since the A,F 3 passivation iayer has a corrosion 
resistive action corrosion can be prevented from propagating inwardly beyond this layer. 

. bulk-lika olanar electrode, and lhat the substrata enclosing tha planar electrode ba a ,ont faca fraa 
IncJtT *» r T he planar metal bulk retars to a monoithic planar mold, -moot a »„. or a st„p b.rng 

arranaed in a spiral or zigzag form. This will be further explained. 

According to the method in which the plasma generating electrode device s produced by fom,ng a 
print elec^ode on a ceramic green sheet, laminating another green sheet on the former, «*P"""**^ 
and firing the laminate, the print electrode is displaced at a press-molding stage or a firing stage. The resurt 
f s n t h 3 ^ etecTomagnetic wave permeation layer is liable to undergo the fluctuation in ,ts thickness no 
matte howTne the surface of the dielectric layer is planed. Moreover, according to the smtenng process 
: n tr norll pressure, it is difficult to secure the die.ectric layer at ™»™ZS^ "cm Z 
nf th P olasma aenerating electrode device increases. Consequently, the reliability falls from tne 
^rofC^ST^Slectrtc breakdown. On the other hand, the size of ^^^^ 
Sn Creasing For sufficient permeability of high-frequent waves, it is necessary to reduce the ' reactance 
component oHhe p.asma generating electrode device, and it is likewise required to ""^J* <£"^ 
resTstance be,ow 10. For "his purpose, the electrode thickness needs to be increased sufficiently. But, this 

, ,S Twl^ZtlLrote is made of a meta. bulk, it is easy to reduce the resistance of the 
elec rode Z ween ^nl electrode has a thickness of some tens um at the maximum, and therefore the 
SsSSncelhereo^ ^ increases. In case where the electrode is made of tungsten and the frequency 
:r;f 5 6MHz it is £Z that the electrode ***** be not less than 20 um. However, ,t ,s d,ff,cult to 
fnrm the electrode of such a thickness by the screen printing process. ^i^w 
Besides since the substrate enclosing the electrode is a joint face-free monolithic sinter, electro 
discharge Ind oSectric breakdown occur from such a joint face under the cond ^ -^~ n ^ 
which discharge is likely to occur. As a result, the plasma generating electrode device has its reliability 

rem Whe b re ^plasma generating e.ectrode device is installed in a semiconductor device production unit 
usinralogen?a Sed 9 corro sive gas, the high-frequency electrode is liable to be corroded ^ the 
Sen-based corrosive gas Further, since the high-frequency electrode is made of a me al-conta,ned 

™V under 9° contamination with a solder metal. In this case 
howeve ^he substrate enclosing the electrode is made up in the form of a ,o,nt 
smTer corrosion of the electrode and the contamination inside the semiconductor dev,ce production unit can 

^ TthTceramics constituting the substrates, nitride-based ceramics such as silicon nitride, aluminum 
nitrid^ boron nS and SI ARON , and aiumina-silicon carbide composite material are preferred. According 
^m^nvento^inv e Sga«on, from the viewpoint of thermal shock resistance, silicon nitride is particularly 
pruned lie aluminum nitride is preferred from the corrosion resistance against the haiogen-based 

50 COrr0 The e p 9 . a a S sma generating electrode device of the present invention can be produced by the afore- 
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contamination of the semiconductor. 

PfJ^** P ' aSm ! 9 f ner !* in9 e ' eCtr0de d6ViCe 0f the present invention - the electrode includes a planar 

Zen tL ZTT ,h P ' ate 3 P ' anar e ' eCtr0de made ° f 3 p,ate with nu ™™* "man holes 

s m ,f ! P ar tyPe eleCtr ° de With numerous sma " holes - cerami ^ Po^er flows into 

ncriiH ' r d 10 the ^ f3Ce - Co " s ^ ue nt'y. substrate has its mechanical sTreng th 

increased on opposite sides of the planar member. w 

^ J^? 8 Plate ; ,ike , T^ 5 ' 3 PUnChed meta ' ^ a metal screen ma * be ^ited. In case that the 
etectrode is made of the high melting point metal as punched, it is difficult to punch a large numbed 

» Sl^^p?^ P ° int metal ' bSCaUSe *» > -V hard. Consent,, I product 

D oint V T,h h a t't When J 16 , 616 ^ 6 is a metal •tetrode, it is easy to procure wires made of a high melting 
S produced" ^ * eaS " y by br3idin9 the WireS Thus ' the electrode can b! 

I5 the eT^n 6 h l6C t tr0dG J S of a thin P late " a Particularly large stress occurs in the peripheral edge portion of 
o thLT h . Tt ? erenCe C09ffiCient ° f th8rmal expanSi0n the and the substrate 

mem! h* TT 68 * dama9ed by "* Str6SS - H ° wever ' whef1 the is of a plan"; 

TddS h 9 ^ "T ^ ° f Sma " h0 ' eS ' the 3b0Ve Str6SS is dispersed b * these "serous small holes Tn 
addition when the electrode is a mesh electrode, the mesh electrode is formed by the wires and the 
section of the wires is circular. Thus, the effect of dispersing the stress becomes greate" 

*> No particular limitation is posed upon the mesh shape, the wire diameter, etc. of the mesh electrode 
lesTZ' fi ,S ' 6rab,e th3t Wlre ° f th9 m6Sh 6leCtr0de is not ™ re *«n 0.8 mm and thTnot 

5 ributL .TIE.T 8 per J 1 * iSi if the wire width is more than 08 mm - the electric field 

nSmTi- h p,asma -^ nerat '"9 s P ace d ^ined by the opposite electrodes is disturbed so that the 
2S use nd, f I ! 0 ; maV be 'f 617 " bS deteriorated - when the plasma generating electrode uni is 

^^L^SJZZJl ^,d formed by the wires present as a foreign matter in the ceramic 

" 6n9th ° Mh ! Ceram ' Cl the Ceramic tends t0 be br <>ten. Furthermore, if the number of the 

crossing wires per one inch is less than 8. current is unlikely to uniformly flow the entire mesh elctrode 

noHess th' 1 PO ' m ^ PraCtiCa ' Pr ° dUCti0n ' " iS Pr6ferab,e that the wi ' e width meTh electee fs 
not less than 1 mm and the number of the crossing wires per one inch is not more than 1 00 

.hJJ I ° rOSS f Cti ° nal Sh3pe ° f the Wires constitu «n9 the mesh electrode maybe of a circular 

shape or any of various rolled shapes such as an elliptical shape and rectangular shape 

thJsnl^r'^T 9 Tf tin9 electrode unit accordin 9 to the present invention, heat may be generated at 

mS, nf I h ° h ^ ° n P ' aSma 9eneratin9 Side by embed ^9 the resistance heat generate 

made of a high melting point metal in the substrate and feeding electric power to the resistance hea 

dTrect r ,vnn ? 'i d0i " 9 ' ** ^ ™ * that tbe ^ i» pKfS hefd 

STS ZZTZ£T t,0g eleCtr ° de ThUS ' reSP ° nSe 3t the time ° f U " iform hea '"9 a " d ^"9 
laver in ZZtt . P f T generating Strode unit, at least the electromagnetic wave permeation 

S~ znTL T 1 f ° rmed ° f a ' UminUm nitride havin9 the dielectric loss *n * of not more than 

10 and the thermal shock resistance ATc of not less than 250 "C 

40 are theVamf aTt^ ?*? * a ' UminUm constitutin 9 »• electromagnetic wave permeation layer 

are the same as those of the above-mentioned electromagnetic wave permeation body. 

Brief Description of the Drawings 

45 Fig. 1 is a view illustrating the construction of one example of a conventional heating unit 

Fig. 2 ,s a view illustrating the construction of another example of the conventional heating unit 
Fig. 3 is a cross sectional view for outlining one example of a conventional electrostatic chuck- ' 

the ,uh S ^t Ch !T tiC , VieW SChema,ical| y illustratin 9 how a resistance heating element is embedded in 
the substrate of the plasma generating electrode device according to the present invention- 
so Fig s is a schematic view for schematically illustrating the construction of one embodiment of the 
heating unit incorporating the plasma generating electrode device 14 with a heater shown in Fiq 4- 
F,g.6 ,s a cross sectional view for outlining an electrostatic chuck as an electrode-embedded article and 
an mechanism for measuring the force of attraction of the chuck; 

Fig. 7 is a partial cross sectional view for schematically illustrating how the plasma generating electrode 
device 41 according to the present invention is installed within a semiconductor device producer! uT 
F g. 8 is a perspective view for illustrating the electrostatic chuck in Fig. 6 or the plasma aeneratina 
electrode device 41 with a part thereof being cut away; generating 
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Fig 9 is a perspective view for illustrating a mesh electrode or mesh 30 usabie as a high-frequency 

STSSZ T£ZT^~. for illustrating the moiding step in uniaxial press mold. FJ 
10%) Tc£ • s^t^w of a molding 53, and Fig. 10(c) a cross section view for outl.n.ng a ma,n part 
of electrostatic chuck 36 or a plasma generating electrode device 41 ; 

f nil s a cross sectional view of a molding prepared by the cold isostat,c press.ng process, 
F 2' 12 a> to ^roerspeSive view of a punched metal 64 to be used as a high-frequency electrode or an 
Fig. 12(a) s a . PW*™ * ,e * ° Der s Dec tive view of a circular thin plate 65 usable as a h.gh-frequency 
J^L^^^i) - a P,n view of a thin plate 66 to be used as a high- 

TT, is J palTcrosT s^tew for schematica.iy typically illustrating how the plasma generating 
7J 0 .: ^TL ^:Z^ a further embodiment of the present invention is installed w.th.n the 

^"^t?Zt^l 9 the concept of the construction of 

resonance plasma generator to which the electromagnetic wave permeat.on body of the present 
invention is applicable. 

Best Mode of Performing the Invention 

Fin 4 is a schematic view for illustrating the structure of the heater-equipped plasma generation 
elect^u S VSSS, to the present invention. According to ^^^l^ 

depending upon high ^^^^"Jj^c to 1100-C at the maximum in, for example, a hot 

mm 

. wmmmmm 

thickness needs to be not less than 8 um. 
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Fig. 5 is a schematic view for illustrating an example of the structure of a heater unit into which the 
plasma generatmg electrode unit 14 of Fig. 4 is incorporated. ,n the embodiment of Rg 5 the plasma 

gas or the ike. At that fame, the plasma generating electrode unit 14 is so installed that the olasma 
5 generatmg electrode 15 may be located near the upper face, and a wafer W is p.aced on the upper fece of 

Tjr s ::j:ziv ectro(le unit j 4 - A pair of an eiectric power «*» cabi - 21 £ "ic^ 

signal supply cable 23 are arranged to communicate with the exterior of the chamber 1 In this state 
a h on ,S 3 Pair 0f ,he cab,es 21 heating the resistance heating elemen 19 whereas 

,o LS? S ' 9nal ' S SUPP ' ied Via thS C3ble 23 for Operating P'asma at the electrode T Thus 

abovemTnt- '7 fT" 0 " ^ * The P ' aSma generatinge.ectrode unit ts no^mited to the 

above-ment-oned embodiment only, but various modifications and variations are possible For exam pie 

^ZTZ e^^T^ e ' eCtr0de 15 " US6d ° n ' y 35 a " strode' for the 
wafe? w h S t ? f T bS s,multaneous, y °P era *> d as an electrostatic chuck electrode to chuck the 
is w'h DC voZl T e,eCtr H ° Stat,C | Capacity For -"en the electrode 15 is simultaneously supp. ed 

TJ. T f Pr Z' dmg e,eCtrostatic ca P acitv «» well as with high frequency signa.s via an insula no 
and P rma a'n Z Zl^ * »» P,aS ™ electrode u^ M 

Sble hTvino a d!amTter of " **" * ^ ^ h ' 9h freC > uency si 9 na,s ' at «•« four 

res,reTnot ^tanl "Cthl^^^ 

20 r c ^r: d onr d the diameter of around 01 mm when the — 15 * ' ~ ~* 

Fig. 6 is a sectional view for outlining an electrostatic chuck. Fig. 7 is a partially sectional view for 

F? 8 i 1 V«Tc n9 t St3t :- thatP ' aSma 9eneratin9 el6Ctr0de Unit 41 iS inStal,ed Sec amber 
Fig. 8 is a partially cut perspect.ve v.ew for illustrating the electrostatic chuck of Fig 6 or the olasma 

SZT ,f eCtr ° de T" 41 ° f R9 - 7 ' Fi9 - 9 iS 3 perspective view ° f a m*d mesh 9 30 F^ T 0 (a is a 
ItT* T V TT" VI6W f ° r iMUStratin9 the moldin9 ste P in the ^ess mold, Fig X is a 

sectional view illustratmg a molding 53, and Fig. 10(c) is a sectiona. view for outlining the electos atic 

^S^SiS? 0 el6Ctr0de ^ 11 iS 3 — « — a 9 mo,din~d 

Fin7 n a °^ to the J lectrostatic chuck 36 in Fig. 6 or the plasma generating electrode unit 41 in 

2£ m <JT£ of°t n9 mach ' n t Sh0Wn in R9 ' 10 < a > is first P«W- A mold frame 49 is engaged Uth a 
™Tq h of Press mold.ng machine. Ceramic powder is filled into an inner space 48 of the mold 

pro mo'^d bod^sTA rr SS ^''T b6tWeen the '° Wer m °' d 52 and an up P er ™ ld ^ shown to obtl a 
pro mo dod body 51A. Then, a metal mesh 30 is placed on the pre-molded body 51A As shown in Fia 9 
.he ; c , mesh 30 has a circular shape, .n Fig. 9. 46 and 47 denote a mesh and a wire, respecTvely *" 
No,,, ceramic powder 50 ,s filled on the metal mesh 30 to bury the metal mesh 30. The powder 50 is 

* , I" n PfCSS M m ° lded ? thS Upper mold not show ^ Producing the molding 53 shownTn Fg 10- 

.b, m „„ mowing 53, the metal mesh 30 is embedded between the pre-molded body 51 A and a ore 
moo*, tod, 5.B. Then, this mo.ding 53 is subjected to hot press sintering ^kSvw^nfl^iST 
°' ^ e ' eCtr0StatiC ChuCk 36 or the P |a - a 9-erafing e.ectro'de unit 41 Ts £22 as sTown 
m r.., ,oic). a ring-shaped flange 31c is provided at a peripheral side face 31b of a substantial 

Z c :: ; ™t T S e a Z^T ct Ti c ct r electrode 29 or a high fr °^ 

the mua mesh 30 ,s embedded .ns.de the substrate 31. A dielectric layer 34 or an electromaanetic wav* 
pcrmoa„on : ay er 37 is formed in a given thickness on a side of a setting'face 31a tor t ^ object tot ST 
such as a som.conductor wafer. A terminal 33 or 38 is buried on a side of a supporting P ?ortton 35 and fs 

„,nT C0 T g toan ° ther pr ° CeSS ' the ceramic powder 50 is molded by the cold isostatic press to produce 

56A ands^ 9 ^ h "* ^ ^ ^ 11 " Then ' 3 metal 30 '» ^.d between the molgs 
56A and 56B. which are subjected to the hot press sintering as they are rnoio.ngs 

a iumln h L e n C , ,r r atiC ^ 36 ^ RgS - 6 a " d 10 W3S pr0duced ^ the abov e process. First, powdery 
ZZ h h C ° amin9 5 % bV W6i9ht ° f yttria was used as the cer ^ic powder 50. The powT was 

ana t>bb. Trie bulk density of each molding was 2.51 g/cm 2 

h^Jn 6 me ' a ' m6Sh made of meta,lic molybdenum was prepared. The metal mesh 30 was a rolled product 

whTh 9 waT e h n V IZe f " diameter ThiS m6tal m65h W3S hS,d betWeen tne -°' d -9s 56A a'dleB 
wh,ch was ho, press sintered at 1900'C under 200 kg/cm*. Thereafter, the average thickness of the 
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aielec* taye, was adius»d to »0 u m on the *J-£J £ J^^SSS&'S 

terminal 33. . sWnless ^^^S . a ~ power source "> ™> 

contacted with the stainless weight 26. The electric wires wwe ^ vnltaae of 1 KV was 

stainless ^ 26 was connect, to a load c.,,25 ^S"^. ~ » * - 

applied to make the stepping motor 24 to pull up the ^*»""»" h ^ ^ ce „ peeled - 

50 g/cm 2 . . QQ Q 0 / anc i the minimum insulating 

plane of 146 mm in diameter. nf ni-P^urelesslv sintered aluminum 

frequency electric power source 44. An opposite etecw*. 42 i ^-supplying cable 43B is 
to the high frequency electrode at a *™ <^*^^«™ «ZL£* outside the 

ZXith «be, o, round hofcs 64* in a gnd pattern within a ctolar « P-£j^ „ , 
F,g. ,2<b) is a perspective »iew to, ^f^% ° ^ p «^„ fusing a thin pli 

s: ssss; 2ssr.~ s:sr_i - — • 
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generation of plasma. 

In the following, more concrete experimental results will be described. 

(Experiment 1) 
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A plasma generating electrode unit 41 as shown in Fias 7 to if) n^,,^ c - * 

powder 50. Th.s powder was molded under pressure of 7 tons/cm* by the cold isostatir ™ ?! J 
Pacing two planar moldings 56A and 56B as shown in Fig. 11. The &*Z££ EST^ ^ 

A metallic molybdenum mesh or mesh electrode 30 was prepared. The diameter of wires constitution 
the mesh electrode 30 was 0.35 mm with #24 (the number of crossing wires per onelnch ZZ 24) and S 
outer shape of 200 mm in diameter. This mesh electrode 30 was held between 
wh,ch were subjected to the hot press sintering at 1900 -C under 200 kq/cm* Bv 2 Tdoi^ a „ a ! 
nitride sintered body having the reiative density of 99.4<>/ 0 was obtained ' " 9 ' a ' UminUm 

When powdery aluminum nitride containing 5% of yttria was used in a similar mamn u „ • 

rvr^ r P rrr <-* - - ,L - ~ ~ 

Mm thickness meter of an eddy current detecting system, the surface was machined ThJreS the 

et:Sn°L I! 37 To that r 6 3 ° t T C ° inCident With that ° f ° f the etocSn^™ 

permeat,on layer 37 so that the center line of the mesh electrode 30 might not be inclined with resoect to 

om t aC L° si aTdTSs^ 8 P6rmeat r ' ayer 37 Thereafter 3 h °' e W3S ^red in t^Stra e 
ZLl* f ? ! V ultrason,c wave workl "9. and a terminal 38 was joined thereto The olasma 

genera ,ng electrode unit 41 had the dimensions of 12 mm in thickness and 205 mm in diameter As shown 
in Table 1, the average thickness, the fluctuation in thickness, and the mTmuJ I tSess of tZe 
electromagnetic wave permeation layers 37 were varied minimum thickness of the 

1 waT int'oducefcF^Lf^H °" """J 08 ° f eaCh P ' aSma 96neratin9 electrode Uflit " Wo the chamber 
1 was introduced CF« gas, and a gas feed system and a gas exhaust system were so controlled that th* 

o P f re , S 356 Z and * 7 T^" * 8 hi9h P°-r source those £ Z Z e * c £ 

of 13.56 MHz and 2 kW, respectively, were used. In order to stabilize the discharging state a machinino 
box was mserted between the electric power source and the high frequency electrode The dScha a no 
state was evaluated according to three levels. Results thereof are shown in Table 1 ci.scharg.ng 

(Table 1) 



Test No. 


Average 
thickness (mm) 


Fluctuation (mm) 


Max. thickness (mm) 


Min. thickness (mm) 


Judgment 


1 


0.3 


0.8 


0.8 


0.01 


X 


2 


0.5 


0.8 


0.9 


0.1 


o 


3 


2 


0.9 


2.4 


1.5 


o 


4 


5 


10 


5.5 


4.5 


o 


5 


10 


0.7 


10.3 


9.6 


A 
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mi.-™ T8S 1 N 2 '' ' he aV9 ' a9S lhickness 1,85 0 3 ™>- but *x mesh electrode 30 was undulated thus the 
ZZ1 £° ^ " a l° 01 '° dettriora,e tmm » <* *• sheath near .ToiSThavlnJ the 

In Test No. 5 with the average thickness "f of 10 mm, the brightness of plasma lowered and th P 
temperature of the electrode unit vigorously rose beyond 300- C. This is considered hat th Z 2cK loss 

aenSon of 7 ■ J 8 etacWc fie,d int6nSity ° f the surface - and f ^er 

generat.cn of the a.ummum nitnde layer. Under this condition, no matter how well plasma is stabilfzed the 
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efficient of plasma power decreases and the temperature cannot be sufficient* contro.ied. Consequent*, 
the semiconductor wafer may be thermally damaged. 

(Experiment 2) 

Table 2. 

(Table 2) 
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j Test No. 


Wire diameter (mm) 


No. of wires/inch 


Plasma stability 


Durability 


2 


0.35 


30 


O 


O 


6 


0.05 


200 


O 


O 


7 


0.1 


120 


O 


O 


8 


0.2 


120 


O 


O 


9 


0.2 


30 


O 


O 


10 


0.35 


80 


O 


O 


11 


0.35 


15 


O 


O 


12 


0.5 


8 


O 


O 


13 


0.8 


8 


O 


O 


14 


1.0 


5 


X 


X 
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number ol wires per one inch, whereas the smaller the d,amet. r « tow ^ £ 0 , 
wires pe, one men. Therefore, for example, a mesh having the «. diameter (e8(Ji| 
the w,cs per one in* being 5 cannot be produced V^^^XX^ was generated 

rn?r,,:,"^^ 

,hcy woto .nd.ca.ed as "O" in the item "Durability" in Table 2^ jnch 

the laps*- o» 3 5 hours. 
(E>pcnment 3) 

mate^,^^^ 

permeat.on layer ,n Experiment 1 were 

(1MHz). and the thermal shock resistance AT was 250 C. Further, wun W*- £ d 

he suriace o, me e.ectromagnetic wave permeation ^J^J^^^l^^SL 
scanning type electron micrograph. As a result, no c ^ n f n ^^ d ^ ^aluminum fluoride was 
and after the test. The scanning type electron lifter the S Therefore, since 

produced on the surface of the electromagnetic wave P 8 ^^ ^ ^ ^,^6 of 

Erosion w,th Huorine radicals was suppressed by ^ [^IZ Z no particie was 

the electromagnetic wave permeation layer was prevented, it was> ais>u 
formed in the passivation film of AIF 3 . 
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(Experiment 4) 

With respect to Test No. 2 of the above Experiment 1, similar observations were effected in the same 
manners as in Experiment 3 except that the gas introduced into the semiconductor production unit was 
5 changed to CIF 3 , NF 3l Cl 2 , SiH 2 CI 2 , or CF 3 . In each case, results similar to those in Experiment 3 were 
obtained. Therefore, it was confirmed that the plasma generating electrode unit according to the present 
invention is general-purpose for various halogen-based corrosive gases. 

Fig. 14 is a schematic view for illustrating the concept of the an electron cyclotone resonance (ECR) 
apparatus. Microwaves (generally 2.45 GHz) are irradiated through a waveguide 69 in an arrow D direction, 
w permeates an electromagnetic wave permeation window 70, and enters an inlet side portion 72a of chamber 
72. A solenoid coil 67 is installed to surround the outer peripheral side of the inlet side portion 72a of the 
chamber 72. The coil 67 generates the magnetic field having an intensity of not less than 500 gauss. 

A solenoid coil 77 is installed around the outer side of a processing chamber 75 of the chamber 72. 
The coil 77 spreads the magnetic field to constitute a reflecting magnetic field. Around the periphery of the 
is electro-magnetic wave permeation window 70 is installed a water-cooling jacket 71 for preventing heating of 
a sealant which maintains the gas-tightness of the processing chamber 75, so the electromagnetic 
permeation window 70 is cooled. A gas is fed through a gas feed opening 73 provided at the inlet side 
portion 72 in an arrow E direction. The gas is discharged through a gas outlet 76 provided at an underside 
face of the chamber 72 in an arrow B direction. 
20 When microwaves are irradiated into the chamber 72, high frequency voltage in a microwave region is 
applied to the gas so that plasma is generated in the high frequency electric field having a spatially non- 
uniform intensity distribution and the static magnetic field. The reflecting magnetic field applies downward 
force upon the generated plasma, so that the plasma is accelerated downwardly in an arrow C direction. 
A susceptor 74 is installed in a lower portion of the processing chamber 75, and a wafer W is placed 
25 and held on the susceptor 74. The pressure inside of the chamber 72 is kept at a constant value. 

By using this apparatus, an electromagnetic wave permeation window 70 was made of aluminum nitride 
having the above-mentioned properties according to the present invention. As Comparative Example 1, an 
electromagnetic wave permeation window 70 was made of quartz. As Comparative Example 2, an 
electromagnetic wave permeation window 70 was made of Al 2 0 3 . Properties of each material are shown 
30 below. 



Table 3 



Properties of aluminum nitride 


4-point bending strength 


400 MPa 


Wei bull coefficient 


14 


Thermal conductivity 


150 W/m.K (measured at room temperature) 


Specific heat 


0.18 (measured at room temperature) 


Thermal impact resistance ATC 


500 *C 


Dielectric constant « 


8.6 (at room temperature, 10 MHz) 


Dielectric constant e 


8.8 (at room temperature, 1 MHz) 


Dielectric loss tan 5 


(3.50 - 3.90)x10~ 3 (at room temperature 10GHz) 


Dielectric loss tan 5 


2.5x1 0~ 3 (at room temperature 1MHz) 


Visible radiation transmittivity 


3% t = 0.75 mm 
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(Table 4) 
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Properties of quartz 


Thermal impact resistance ATc 


1000 • C (provided, a wave transmission loss occurs at 1200 • C) 


Dielectric constant t 


3.5 - 3.7 (at room temperature, 1 MHz) 


Dielectric loss tan 5 


1.5 x 10~ 4 (at room temperature, 1 MHz) 


Visible radiation transmittivity 


98%, t = 0.75 mm 


Properties of AI2O3 


Thermal impact resistance ATc 


190 - 200 'C 


Dielectric constant e 


10.6 (at room temperature, 1 MHz) 


Dielectric loss tan a 


1.1 - 2.9 x 10" 3 (at room temperature, 1 MHz) 


Visible radiation transmittivity 


95 - 96%, t = 0.75 mm 



The pressure inside the chamber 72 was held at 0.5 mTorr. As an etching gas, CF* was fed, activated 
in the plasma and fed onto the wafer W. The semiconductor wafer W having the dimension of 8 inches in 
diameter was used. As the semiconductor becomes greater, the dimension of the electromagnetic wave 
permeation window 70 needs be increased. For this reason, the dimension of the electromagnetic wave 
permeation window 70 was set at a diameter of 230 mm. 

The susceptor 74 was made of aluminum nitride having the above properties. The reason why 
aluminum nitride was used as the material is that the material of the susceptor is required to not interrupt 
the magnetic fields of the coils 67 and 77 and to not change the flow of the microwaves. 

With respect to each case, etching was effected, and the surface state after the etching was observed 
visually, ED AX, a scanning type electron micrograph. As a result, it was confirmed that the electromagnets 
wave permeation window 70 was free from damage or permeation loss with the ECR plasma. That is, the 
surface was not melted with the ECR plasma. 

Further CF* generates fluorine radicals, which etches or clean various materials. However, no change 
was observed in Example between before and after the test. The scanning type electron micrograph 
seemed to reveal that aluminum fluoride was produced on the surface of the electromagnetic wave 
permeation window. Therefore, since corrosion with fluorine radicals was suppressed by a passivation film 
of AlFs. the corrosion of the surface of the electromagnetic wave permeation window was prevented. It was 
also confirmed that no particle was formed in the passivation film of AIF 3 . 

Since aluminum nitride constituting the electromagnetic wave permeation window 70 has high strength 
(> 350 MPa) and high thermal shock resistance (Tc > 400 *C). rise in the temperature following absorption 
of the microwaves caused no damage. 

AIN shown in Table 3 is one sintered by hot pressing with addition of Y 2 0 3 , and has high strength. 
Other AINs were also tested. For example, with respect to an electromagnetic wave permeation window 
made of AIN with no addition of Y 2 0 3 and having the properties of strength of 250 MPa, heat conductivity of 
50 W/mK, thermal shock resistance ATc = 300 -C, it was confirmed that neither damage nor melting 
occurred as in the above case. 

During the generation of plasma, the surface temperature of the electromagnetic wave permeation 

window reached about 250* C. ... ,, , 

If ATc * 300 • C, no practical problem occurs. The electromagnetic wave permeation body made of 
aluminum nitride can' be produced itself by a sintering process, a chemical gas phase growing process, or a 
physical gas phase growing process. When the temperature of the electromagnetic wave permeation 
window is 250 °C, the dielectric loss is sufficiently low. 

On the other hand, the electromagnetic wave permeation window 70 was made of quartz, and this 
electromagnetic wave permeation window 70 was damaged with the ECR plasma. Microscopically, the 
surface was melted with the ECR plasma. Further, the scanning type electron micrograph revealed that the 
surface of the electromagnetic wave permeation window 2 was corroded, and that its surface got rough. 

In Comparative Example 2, the electromagnetic wave permeation window 70 was made of Al 2 0 3 , which 
was broken due to rise in temperature following the adsorption of the microwaves. 

Next in the example above mentioned polysilicon was etched by using CIF 3 , NF 3 , Cl 2 , SiH 2 CI 2 , or CF 3 . 
The electromagnetic wave permeation windows 2 were free from abnormality. In this way, it was clarified 
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that the present invention is general-purpose for ECRs using various halogen-based corrosive gases 

Further, in above Examples and Comparative Example 1, polysilicon was etched with use of Ar. As a 
result, neither damage nor permeation loss occurred. Microscopically, the surface was melted with the ECR 

plasma. 

Further in the above Examples, polysilicon was etched by using 0 2 or N 2 . As a result, neither damage 
nor permeation loss occurred. That is, the surface was not melted with the ECR plasma. In this way it was 
clarified that the present invention exhibits durability against ECRs using various inert gases or halogen- 
based corrosive gases. y 

In the embodiment shown in Fig. 14, the ECR etching apparatus of a non-bias type was shown 
w However, in order to apply AC bias, an electrode can be provided inside the susceptor 74 to apply high 
frequency electric power. y y a 

Further, according to the present invention, besides the electromagnetic wave permeation body, a cover 
for an electrostatic capacity analyzer may be made of aluminum nitride so as to measure the velocity of 
,ons in the ECR plasma. Further, a tube to be installed in a location for installing a helicon plasma antenna 

75 may be made of aluminum nitride. 

The frequency range of the electromagnetic waves permeating the electromagnetic wave permeation 
body accordmg to the present invention is not more than 300 GHz. Among the frequency range the 
magnetic wave permeation body according to the present invention finds its particularly useful application 
as m.crowave permeation bodies. The frequency range of the microwaves is 300 MHz to 300 GHz 

20 However, since the properties of aluminum nitride in the range of 1 MHz does almost differ from those at 10 
GHz the above effects can be exhibited even in the frequency range of 1 MHz to 300 MHz However as 
the frequency increases, a material having a smaller dielectric loss tan S is preferred. 

Claims 

1. A plasma generating electrode device comprising a substrate made of dense ceramic and an electrode 
embedded in said substrate, said electrode being isolated from a setting face of the substrate said 
plasma generating electrode device being constituted to generate plasma above the substrate. 

2. The plasma generating electrode device set forth in Claim 1, wherein a resistance heating body made 
of a metal having a high melting point is embedded in the substrate, said plasma generating electrode 
device bemg constituted such that that surface of the substrate on a plasma-generating side is heated 
by feeding electric power to the resistance heating body. 

The plasma generating electrode device set forth in Claim 1 or 2, wherein a volume resistivity of an 
electromagnetic wave permeation layer existing between said electrode and that surface of the 

nT™oliZnfT ma ~ generatin9 Side 18 l6SS th3n 1 ° 8 Q ° m ' 3 resistance of said electrode is 

The plasma generating electrode device set forth in Claim 1, said plasma generating electrode device 
being constituted such that a wafer is attracted onto said setting face by generating an electrostatic 
capacity through applying a DC voltage to said electrode, and plasma is generated by feeding high 
frequency signals to said electrodes via an insulating transformer. 

The plasma generating electrode device set forth in any one of Claims 1 through 4, wherein the 
average thickness of the electromagnetic wave permeation layer is not less than 0.1 mm. 

The plasma generating electrode device set forth in Claim 5, wherein the average thickness of the 
electromagnetic wave permeation layer is not less than 0.5 mm. 

The plasma generating electrode device set forth in Claim 5 or 6, wherein the average thickness of the 
electromagnetic wave permeation layer is not less than 5 mm. 

The plasma generating electrode device set forth in any one of Claims 5 to 7, wherein said electrode is 
a planar e ectrode made of a metal bulk, and the substrate surrounding the electrode is a monolithic 
sinter free from a joint face. 
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9. The plasma generating electrode device set forth in Claim 8, wherein said electrode is a planar 
electrode made of a plate-shaped body having a number of small holes. 

10 The plasma generating electrode device set forth in Claim 9, wherein said electrode is a mesh 
5 Ilectrode the' width of wires of said mesh electrode is not more than 0.8 mm, and the number of 

crossing wires per one inch is not less than 8. 
11. The plasma generating electrode device set forth in Claim 8, wherein the thickness of said electrode is 
not less than 20 urn. 

10 12 The plasma generating electrode device set forth in Claim 5, which is a plasma generating electrode 
device mat is" to be installed in a semiconductor production unit using a ^^^^ 
said plasma generating electrode device being adapted to be used to generate plasma of said halogen 
baseS corrosive gas by applying high frequency voltage upon the halogen-based corros.ve gas. 

13. The plasma generating electrode device set forth in any one of Claims 5 to 12, wherein said substrate 
is made of a nitride-based ceramic. 

14 The plasma generating electrode device set forth in Claim 13, wherein at least said ^ctromagnetic 
wave irmeation .aye? of the substrate is made of aluminum nitride. ^ J"™™/^* 
dielectric loss tan s of not more than 10-, and a thermal shock res.stance ATc of not less than 250 C. 

15. The plasma generating electrode device set forth in Claim 13 wherein the content of ^impurities in said 
aluminum nitride is not more than 1 %, and a relative density thereof .s not less than 99 /». 
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16 An electrode-embedded article comprising a substrate made of a dense ceramic and an Jectrode 
embedded in said substrate and made of a planar metal bulk, said substrate surroundmg sa.d electrode 
being a monolithic sinter free from a joint face. 

17 The electrode-embedded article set forth in Claim 16, wherein said electrode-embedded article is an 
Ilect'c dust collector, an electromagnetic shield device, plasma generating electrode dev,ce or an 
electrostatic chuck. 

18 The electrode-embedded article set forth in Claim 16 or 17, wherein said electrode-embedded article is 
In etectrodtembedded article to be installed inside a semiconductor production un.t us,ng a halogen- 

based corrosive gas. 

19 The electrode-embedded article set forth in Claim 16, wherein said electrode is made of a metal having 
Ihigh meting point, said metal being selected from the group consisting of tantalum ^ tungsten^ 
molybdenum, platinum and alloy thereof, and said electrode-embedded art,cle ,s to be mstalled ,n a 

semiconductor production unit 

20 The electrode-embedded article set forth in any one of Claims 16 to 19, wherein said electrode is a 
planar electrode made of a plane body having a number of small holes. 

45 21. The electrode-embedded article set forth in Claim 20, wherein said electrode is a mesh electrode. 

22 A process for producing an electrode-embedded article, comprising the step of hot press sintering a 
L'am c molding and an electrode made of a planar metal bulk under pressure apphed in a th-ckness 
direction of said electrode, thereby embedding said electrode m a dense substrate made of a 
monolithic sinter free from a joint face. 

23 The process for producing the electrode-embedded article set forth in Claim 22, wherein said ceramic 
mcSd^Tn which said electrode is embedded is obtained by the steps of producmg a prehmmary 
molding, placing said electrode on said preliminary molding, filling up a ceram.c powder on sa,d 
preliminary molding and said electrode, and uniaxially molding the resultant. 
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24. The process for producing the electrode-embedded article set forth in Claim 22, wherein two moldings 
having a relative density of 60 % are produced, said electrode is sandwiched between said two planar 
moldings, and said two planar moldings and said electrode are hot pressed in this state. 

25. The process for producing the electrode-embedded article set forth in Claim 24, wherein powdery 
aluminum n.tride having the content of not more than 1 % of metallic impurities is used as said ceramic 
powder, and said substrate having the relative density of not less than 99 % is obtained. 

26. An electromagnetic wave permeation body, which is to be used in a plasma generating device for 
generating plasma upon application of high frequency electric power upon a gas, wherein at least that 
surface of said electromagnetic wave permeation body which is to contact an atmosphere in which 
plasma is generated is made of aluminum nitride, said aluminum nitride having a dielectric loss tan S of 
not more than 10 2 and a thermal shock resistance AT of not less than 300 *C. 

27. The electromagnetic wave permeation body set forth in Claim 26, wherein plasma of a halogen-based 
corrosive gas is generated upon application of the high frequency electric power upon said gas. 

28. The electromagnetic wave permeation body set forth in Claim 27, wherein said halogen-based corrosive 
gas is at least one kind of a halogen-based corrosive gas selected from the group consisting of CF 4 

20 CIF 3 , NF 3 ,CI 2 , SiH 2 CI 2 and CF 3 . 

29. The electromagnetic wave permeation body set forth in Claim 27 or 28, wherein a passivation film 
made of aluminum fluoride is formed on a surface of said electromagnetic wave permeation body. 

25 30. A plasma generating apparatus comprising a susceptor made of said electromagnetic wave permeation 
body set forth in Claim 26, and said electrode being embedded in susceptor, wherein plasma is 
generated by applying high frequency electric power upon said electrode. 
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